After a randomized controlled trial showing that improvement on some aspects of cognitive function was related to adherence to an exercise program, determinants of adherence and maintenance were further studied. Older adults with mild cognitive impairment were contacted 6 mo after the end of exercise programs for a telephone interview addressing patterns of adherence and determinants of maintenance. Mean adherence during the trial was 53%. About one third of participants had lapses during the trial but completed, one third had no lapses, and one third dropped out or never started. Practical barriers (time, location) were related to not starting and functional limitations to dropout. After the trial 25% of participants continued the programs, 14% reported intention to continue, and 61% quit. Maintenance was determined by fewer health complaints, higher satisfaction with the programs, and better adherence during the programs. Although maintenance was low, this study identified several reasons and barriers to adherence and maintenance that could be addressed.
cally active not only prevents cognitive decline in healthy community-dwelling older women (Yaffe, Barnes, Nevitt, Lui, & Covinsky, 2001 ) but also results in a reduced risk of cognitive impairment and any type of dementia 5 years later (Laurin, Verreault, Lindsay, MacPherson, & Rockwood, 2001 ). Furthermore, a meta-analysis of exercise interventions concluded that aerobic fitness training improves some domains of cognitive function (i.e., executive-control processes) in healthy sedentary older adults, depending on length and type of intervention and duration of the training sessions (Colcombe & Kramer, 2003) . In another meta-analysis of older adults with dementia and cognitive decline, it was concluded that exercise training (most included studies used walking) had a positive effect on physical, cognitive, functional, and behavioral outcomes (Heyn, Abreu, & Ottenbacher, 2004) . Likewise, the cognitive status of older adults with mild cognitive impairment (MCI; Petersen et al., 1999) may improve, as well, if they participate regularly in aerobic exercise (Lautenschlager et al., 2008; van Uffelen, Chin A Paw, van Mechelen, & Hopman-Rock, 2008) .
Despite the health-enhancing benefits of physical activity, initiating exercise programs and adhering to them is often problematic for older adults. For those starting with structured exercise, about 10-50% of participants drop out during the first 6 months, with most relapses occurring during the first 3 months (Dishman & Sallis, 1994; Stiggelbout, Hopman-Rock, Tak, Lechner, & Van Mechelen, 2005) . Stiggelbout et al. (Stiggelbout, Hopman-Rock, Crone, Lechner, & Van Mechelen, 2006; Stiggelbout et al., 2005) evaluated dropout and predictors of maintenance in healthy older adults participating in different types of exercise programs. Predictors of maintenance to exercise programs 6 months after the start were having short lapses or no lapses, a high intention to start exercise at baseline, a high perceived quality of the program, and a positive attitude toward exercise and some practical obstacles including bad weather and being bored with the program. Known barriers for exercise maintenance include poor health, physical limitations, female gender, lack of exercise experience, and several psychological factors such as low self-efficacy and external locus of control (Rhodes, Martin, Taunton, Donelly, & Elliot, 1999; Schutzer & Graves, 2004) .
Little is known about adherence and maintenance in older adults with MCI who participate in structured exercise programs. The results of the Folate Physical Activity Cognition Trial (FACT), a randomized controlled trial examining the effect of moderate-intensity walking and low-intensity physical activity on cognitive function (van Uffelen, Hopman-Rock, Chin A Paw, & van Mechelen, 2005) , showed an interaction between the effect of the exercise program and adherence (van Uffelen et al., 2008) . In women each percentage increase in session attendance to the walking program was associated with a significant improvement in performance on two cognitive tests. In men, there was no interaction, but session attendance of 75% or more in the walking program was associated with improved delayed recall (one test out of seven), compared with the activity program.
Therefore, information on reasons for dropout, for having lapses, and on barriers to maintenance can be vital for sustaining the effect of a walking program for this population and could also provide essential help for successfully implementing exercise programs in general. It was decided to follow up on participation in both exercise programs with an additional 6 months focusing entirely on adherence and maintenance to these two exercise programs (walking program and placebo low-intensity program).
The purposes of the current study were to determine the level of participation, adherence, and maintenance of the exercise programs in older adults with MCI during the 12-month trial and 6 months after its end; describe reasons and barriers for participation, adherence, and lapses; and identify determinants of maintenance 6 months after the end of the trial.
Method Study Design
The FACT study was designed as a randomized placebo-controlled trial (RCT) to examine the effects of a moderate-intensity aerobic walking program (MI-WP) on cognitive function of community-dwelling older adults with MCI. A nonaerobic low-intensity activity program (LI-AP) was added as a placebo exercise program. The study protocol has been described in detail elsewhere (van Uffelen et al., 2005) and was approved by the VU University Medical Center medical ethics committee. Written informed consent was obtained from all participants. For the follow-up study presented in this article, participants were interviewed about their physical activity and exercise behavior 6 months after the end of the 12-month exercise programs of the RCT. For this article, the distinction between the MI-WP and LI-AP programs as intervention versus control group was no longer relevant. Adherence and maintenance were studied for participants in both groups together.
Participants
Recruitment of the participants has been described in detail elsewhere (van Uffelen, Chin A Paw, Klein, van Mechelen, & Hopman-Rock, 2007) . In short, all community-dwelling adults age 70-80 years (N = 5,491) in a medium-sized Dutch town were approached by mail. From the adults willing to participate, participants with MCI were identified using a two-step screening consisting of a postal questionnaire and a telephone interview in which the following inclusion criteria were assessed: self-reported memory complaints, no report of disability in activities of daily living as measured with the Groningen Activity Restriction Scale (Kempen, Miedema, Ormel, & Molenaar, 1996) , objective memory impairment as measured with a Dutch version of the 10-word learning test (Morris et al., 1989) , and normal cognitive function and absence of dementia as assessed by the Telephone Interview for Cognitive Status (Brandt, Spencer, & Folstein, 1988) . In addition, participants completed the Mini Mental State Examination (MMSE) in a face-to-face interview, and those with an MMSE score <24 points were excluded.
After baseline measurements, included participants (N = 179) were randomly assigned to the MI-WP or LI-AP group. Randomization was stratified by baseline physical activity level in minutes per day. All participants who participated in the 12-month follow-up measurement of the RCT (n = 138) were invited for a telephone interview 6 months later focusing on participation, adherence, and maintenance for both program activities and habitual physical activity. The MI-WP was based on Sportive Walking, an existing aerobic walking program (Stahl & Laukkanen, 2000) . Intensity was moderate (>3 metabolic equivalents [METs] ), and the aim was to improve aerobic fitness. Each session consisted of a warm-up, moderate-intensity walking exercise, and a cooldown. The intensity of walking in the MI-WP was increased gradually during the program by increasing the walking pace and distance. The program was developed in such a way that all participants could perform the walking exercise at their own level but still walk in a group. This was achieved by using walking routes with the same start and endpoint. In this way the participants could stay together in a group on the same track and by covering the track more times during the session adjust their pace. Sessions took place outdoors in municipal parks.
Interventions
The LI-AP mainly consisted of aspects of programs that are widely available to older adults in The Netherlands, for example, balance and flexibility training and exercises for improving posture during activities of daily living. The program consisted of an introduction, low-intensity (<3 METs) nonaerobic group exercises such as light range-of-motion movements and stretching, and a closing. The program was carried out in community centers. After the intervention period for the RCT, the exercise programs continued as part of the local community service. Participants could continue at their own initiative for a small fee.
Measurements
Demographic variables were collected using a postal screening questionnaire before randomization. Data on cognitive function were collected during the baseline interview using the MMSE (Folstein, Folstein, & McHugh, 1975) to assess general cognitive function. The Auditory Verbal Learning Test was used to assess memory (direct and delayed recall with maximum scores of 75 and 15 words, respectively; Rey, 1964) . In this article, both instruments were used to describe the study population and as a possible determinant of maintenance. Physical activity levels were measured at baseline and after 6, 12, and 18 months using the LASA Physical Activity Questionnaire, which addresses the frequency and duration of housekeeping, sports activities, cycling, gardening, and walking during the previous 2 weeks (Stel et al., 2004) . A summary measure per activity category was calculated by multiplying the number of hours per day with the appropriate MET from the "Compendium of Physical Activities" (Ainsworth et al., 1993) adapted for older adults (Verweij, Van Schoor, Deeg, Dekker, & Visser, 2009) .
Six months after the end of the exercise programs for the trial (T18), additional data on maintenance, determinants, and potential barriers for maintenance were collected from the participants during a structured telephone interview. Participants were asked to rate the general quality of the exercise programs and their satisfaction with 17 program-related aspects (Stiggelbout et al., 2006 ) on a 5-point Likert scale with a higher score indicating a better rating. These program-related aspects included instruction, attention, location, time, duration, other participants, intensity and frequency of the activity, effects on health, safety issues, and variation in the program. Dropout was defined as withdrawal before the end of the program at T12 as registered during the RCT. Adherence was defined as the proportion of attended sessions during the programs as registered by the instructors. Having lapses, defined as missing two consecutive sessions in a row, was evaluated by a single question during the structured telephone interview: "During the study, did you temporarily miss sessions of the walking or activity program?" Reasons for dropout and lapses were asked with one open-ended question: "If you temporarily missed sessions, please indicate the reason." Answers were later summarized into categories for presentation.
Finally, maintenance of the exercise program at T18 (continuing the exercise programs after the end of the RCT) was evaluated by a single question: "At the end of the study, did you continue with the program?" Participants were grouped as continued, intention to continue, or discontinued on the basis of their answers. Participants who discontinued were asked to evaluate 19 possible barriers (Stiggelbout et al., 2006) and indicate whether each was (1) very important, (2) important, (3) somewhat important, or (4) not important. Barriers included health complaints (injuries, limitations), practical aspects (time, location), whether progress was noted, program-related aspects (intensity, frequency), and personal aspects (interest in exercise, social contacts).
Analysis
All analyses were performed using SPSS for Windows (release 14.0). For descriptive purposes, demographic and cognitive variables at baseline were compared between the dropouts from the RCT and the participants who attended the follow-up measurements at T6 and T12 using Student's t test for continuous variables and a chi-square test for categorical variables.
Second, to see if physical activity levels changed over time between MI-WP and LI-AP, a MANOVA with repeated measures was carried out.
The number of participants who started the programs, dropped out, or had lapses and the adherence were reported and compared between the MI-WP and LI-AP groups using chi-square analysis. Possible determinants for maintenance were compared between three groups-continued, intention, and discontinuedusing chi-square and univariate analysis of variance (ANOVA). A difference was considered statistically significant if p < .05.
Results
One hundred thirty-eight of the 179 participants who participated in the baseline measurement of the project FACT participated in the two follow-up measurements at T6 and T12, as well. One hundred thirty-four of them could be contacted and were willing to participate in the telephone interview 6 months after the end of the exercise programs (response rate 97%). One participant had died, and 3 others could not be contacted. There were hardly any missing data, with a maximum of 2% of cases missing on some variables (indicated in results if relevant). Table 1 provides an overview of baseline characteristics for participants in the telephone interview (n = 134) and participants lost to follow-up during the 12-month trial (n = 45). Participants lost to follow-up were older (t = 2.25, df = 177, p < .05), more likely to live alone (chi-square = 10.3, df = 1, p < .01), and were more likely to be from the LI-AP group (chi-square = 5.2, df = 1, p < .05) than the 134 participants who continued the trial and participated in the telephone interview. Figure 1 displays the levels of different types of physical activity in MET values at T0, T6, T12, and T18 for the MI-WP and LI-AP groups separately. There was a significant decrease in overall habitual daily physical activity level (F = 7.94, p < .001) over time but no difference between groups.
Participation in the Exercise Programs During the RCT
Results from the telephone interview at T18, presented in Table 2 , show that 30 of 134 participants did not start their designated exercise program (equally distributed over both programs). Main reasons for not starting were being too occupied with other activities (23%), having trouble with walking or moving (23%), estimating the intensity of the program as being too vigorous or too light (20%), or being ill (17% ; Table 3 ). 
Adherence to the Exercise Programs During the RCT
Of the 104 participants who started one of two exercise program, data from 2 participants were missing. Of the 102 remaining, 13 dropped out during the program (10 in MI-WP, 3 in LI-AP; Table 2 ). Main reasons for dropping out were having trouble with walking or moving and being ill or injured (not related to the program).
Two participants dropped out because they experienced complaints as a result of the exercise programs (1 out of each program). One participant judged the MI-WP program to be too vigorous. Mean adherence rates during the 12-month exercise programs were around 50% and did not differ between exercise groups (t = 1.07, df = 132, p = .29). The 13 dropouts attended about one third of the sessions (34%) before leaving the program.
Of the 89 participants who finished the total MI-WP or LI-AP program, 51 did not report any lapses, and 38 reported one or more lapses, because of either being on a holiday (74%) or being ill or injured (26%; not related to the program).
The number of participants who did not start, dropped out, or had lapses did not differ significantly between the two groups (chi-square 4.2, df = 3, p = .24).
Maintenance of the Programs After the RCT
More than half (n = 78) of the 132 participants interviewed at T18 had discontinued participation in the exercise programs after the end of the trial, one quarter (n = 37) continued, and one seventh (n = 19) intended to continue in the near future. Maintenance status did not differ significantly between the MI-WP and LI-AP groups (chi-square = 4.38, df = 2, p = .11).
Health complaints (including injuries) and practical barriers (time and location) were the most frequently mentioned barriers to maintenance (see Table 4 ). In addition, personal reasons such as lack of interest ("don't feel like it"), lack of (subjective) progress, or the program not living up to their expectations were mentioned by 15-20% of the participants. Two barriers showed a statistically significant difference concerning importance rating between the groups. Participants in the MI-WP group ranked health complaints as a more important barrier than participants in the LI-AP group (mean 2.6 vs. 3.6, t = 3.969, df = 76, p < .001), as they did being too tired (3.5 vs. 3.9, t = 2.56, df = 75, p = .01). Finally, demographic, cognitive, adherence, and quality factors relevant to maintenance were compared between three status groups: participants who continued (n = 37), intended to continue (n = 19), or discontinued (n = 78). There were no significant between-groups differences in demographic factors, cognitive function at baseline, and type of program (Table 5) .
The percentage of participants with lapses was significantly higher in the group that continued the exercise programs after the end of the RCT than in the other two groups. The highest number of dropouts during the RCT was found among those who discontinued. Attendance rates during the RCT were highest among those who continued, followed by those who intended to continue.
Although general satisfaction was not associated with maintenance status, other specific quality aspects were. Quality of the instructor and contents of the program were rated significantly lower in the intention and discontinue groups. Participants who did not continue evaluated the program as not being of the right intensity (most of them rating intensity as too high). Finally, participants who did not continue or only showed an intention to continue reported having experienced significantly less progress in their health or fitness level as a result of the program than did the group that continued. 
Discussion
This study showed that maintenance of participation in exercise programs in elderly adults with MCI is low; only 25% continued exercising after the end of the 12-month RCT. In addition, self-reported habitual physical activity levels were lower than preintervention levels, although seasonal effects cannot be ruled out. There were differences in the reasons for starting, dropping out, having lapses, and maintenance for the two exercise programs, which calls for phase-specific interventions to improve compliance. Although not starting was mainly related to practical reasons, participants dropped out mainly because of physical limitations, and the most important barriers to maintenance were health complaints, practical limitations, and quality aspects of the exercise programs (instruction, contents, and intensity). Demographic and cognitive factors were not associated with maintenance. Lapses did not lead to dropout if they occurred because of a holiday or illness.
Adherence levels in this study varied 50-80% and were comparable to other group-based exercise programs lasting 12 months. Average adherence of older adults to exercise programs is reported to be around 75% ( Van der Bij, Laurant, & Wensing, 2002) but is known to decrease if dropouts are included (Martin & Sinden, 2001 ). The number of dropouts from the MI-WP in our study sample with MCI was relatively low (13%) and corresponded to dropout from Sportive Walking programs in the Netherlands, available to older adults outside a research setting (Stiggelbout et al., 2005) . Most frequently mentioned reasons for dropping out in other studies are illness, pain, and lack of time or being too occupied (Martin & Sinden, 2001) , although in our study these were mainly related to physical problems in carrying out the program. This can explain why fewer participants dropped out of the less intensive LI-AP program.
About 25% of participants continued the exercise program after the end of the RCT, which is comparable to other programs for community-dwelling older adults (Hopman-Rock & Westhoff, 2002) . As is known from other studies, most important barriers to maintenance of exercise programs include health problems and practical limitations (Forkan et al., 2006; Rhodes et al., 1999) . In this study quality aspects also played an important role in maintaining physical exercise. This overlaps with a previous study in which quality of the instructor and contents of the program were important in maintaining participation in exercise programs (Stiggelbout et al., 2006) . Furthermore, participants in this study reported that the intensity of the program affected their maintenance. This was specifically the case in the MI-WP program. A potential way to avoid this in future studies could be to monitor and adjust the intensity of the exercise program (because this has been shown to be associated with motivation; Cress et al., 2005) . Although participants were offered options to adjust exercise intensity in the MI-WP program, they were too limited for some of them. Ten participants mentioned cost being a barrier in the interview. Participation in the exercise program was free during the 12-month intervention. Although participation in the programs after the RCT was subsidized and participants only had to pay a small fee, it was still considered too expensive by some.
Our finding that determinants for starting, dropping out, and maintaining participation in exercise programs are different corresponds with other studies (van Stralen, Lechner, Mudde, de Vries, & Bolman, 2008; Rothman, 2000) ; this suggests difference between determinants for initiating, adhering to, or maintaining exercise. Physical health status and a busy lifestyle are among the few reasons that determine both initiation and maintenance. This provides possibilities to address the most relevant barriers and determinants related to the specific phases of exercise behavior.
Limitations of the Study
We could only include participants who had completed the RCT and participated in all measurements. This means that participants in this extension study were a selective subgroup of the original. Comparisons between the dropouts and the adults who remained involved in the trial indeed showed differences; participants who were lost to follow-up were older and mainly in the LI-AP arm of the RCT, and a higher percentage of them lived alone. This means that the findings of this study may only be generalizable to older adults with memory complaints who are interested in starting exercise programs.
Data on the quality of the exercise programs, having lapses, and reasons for dropping out were gathered 6 months after the end of the main study. Because the population with MCI was defined by having memory problems, possible incorrect recollection should be taken into account. However, the median MMSE score indicated that participants had good general cognitive function, so it is not likely that this recall bias affected the results to a large extent.
Other relevant predictors of maintenance such as self-efficacy, attitude, and social support (McAuley, Jerome, Elavsky, Marquez, & Ramsey, 2003) were not evaluated in this study to reduce the measurement burden on this population, but it is known from the literature that self-efficacy is a major determinant of physical activity (McAuley & Blissmer, 2000) , and it is likely not to be different in our study sample.
Exercise intensity differed between the MI-WP and the LI-AP. Because intensity can play a role in continuing the program, participants in the MI-WP could have been more prone to drop out than participants in the LI-AP before the follow-up measurement (at T18) and therefore may not have been included in the sample of the current study. Further research is therefore needed to investigate the critical balance between minimal intensity and duration and effectiveness, taking into account the increased dropout risk that is associated with exercise intensity.
Because the FACT study was designed as an RCT, people were randomized to a program that may not have been their program of choice. Although it was ensured that the program was run in the area where participants lived, they could not choose a specific time. This may have affected the results, because location and time affect participation. Only 1 person mentioned this as a reason to not start an exercise program, however, so it is not likely that this affected the results to a large extent.
This study adds to the current knowledge about behavioral aspects of physical activity promotion. Given the fact that most Western countries face aging populations and an associated increase in prevalence of age-related neurocognitive disorders, the specific focus on older adults with memory complaints living in the community is important. Improving their lifestyle by increasing their participation in physical activity and exercise can prevent functional decline, reduce the demand for health care, and prolong independent living until older age.
Adherence was registered by instructors, but these data were not usable to measure lapses in adherence because they were collected as a percentage of attended sessions, rather than patterns of attendance. Therefore, we had to rely on self-report measures regarding lapses. Although we have no indication that self-report measures in this group with MCI were unreliable, future research should look into the possibility of using objective measures for physical activity, such as accelerometers. In addition, future studies should look into the possibility of monitoring patterns of adherence and consequently collect data on lapses during interventions.
Conclusion and Recommendations
Although it is not easy for older adults with MCI to maintain participation in exercise programs, this study shows there are different reasons and barriers that can be addressed. Practical aspects such as time and location of a program are important reasons for not starting, and these factors should be individually adjusted to prevent them from becoming actual barriers. Lapses because of holidays and illness do not jeopardize adherence, but dissatisfaction with the content (intensity) of the program and physical limitations do. Especially in moderate-intensity programs, such as an aerobic walking program, exercises tailored to the individual should be offered to prevent dropout and improve attendance. Individually tailored exercises could also be a solution for health complaints and limitations that prevent the elderly from participating in exercise programs. Because participants who reported clear benefits were more likely to continue participation in the exercise programs, feedback by instructors on subjective indicators could be worthwhile. Last but not least, providing a high-quality instructor and feasible content and addressing participants' specific outcome expectations could further enhance adherence and maintenance to obtain the highest possible health benefits.
